This study investigated the effects of open-label fluoxetine (20 mg/d) 
Serotonin neurons play a key role in core behaviors of mood disorders (e.g., mood, sleep, sexual activity, appetite, circadian and seasonal rhythms, neuroendocrine functions, body temperature, motor activity, and cognitive function) (López-Ibor 1988; Meltzer and Lowy 1987; Rush et al. 1991) . Serotonin affects the regulation of the sleep-wake cycle, the induction and maintenance of sleep, and the character of sleep-stage macroarchitecture (based on visual stage scores). The suprachiasmatic nucleus in the superior hypothalamus maintains the 24 hour sleep-wake cycle and synchronizes it with the environmental light cycle. The generation of nonREM sleep involves the basal forebrain, thalamus, hypothalamus, dorsal raphe nucleus, and nucleus tractus solitaris (Siegel 1990) .
REM sleep expression is promoted in part by cholinergic neurons (Shiromani et al. 1988; Mitani et al. 1988) and inhibited by serotonergic and noradrenergic neurons in the dorsal pontine tegmentum (Luebke et al. 1992; Siegel 1990 ). The balance between monoaminergic and cholinergic influences appears to be critical for REM sleep (McCarley 1982) .
Antidepressant medications produce characteristic changes in the sleep EEG of depressed patients, as well as normal controls. Whether the effects of antidepressant drugs on sleep of depressed patients differ from those in healthy controls is unclear because most data in normals are based on lower antidepressant doses used for shorter time periods than in depressed patients. Moreover, antidepressants affect neurotransmitters and their homeostatic balances which are potentially already affected in patients with depression.
Fluoxetine, a highly selective serotonin reuptake blocker, is as effective as other antidepressant medications in the treatment of major depressive disorder (Depression Guideline Panel 1993) . In normal controls , fluoxetine increases REM latency, decreases REM sleep, reduces total sleep time and efficiency, and increases wakefulness and Stage 1 sleep. However, it is generally devoid of any effect on slow wave sleep (von Bardeleben et al. 1989; Saletu et al. 1991; Hendrickse et al. 1994; Nicholson and Pascoe 1988) . In depressed patients , fluoxetine appears to prolong REM latency, reduce REM sleep, reduce REM density, and increase Stage 1 sleep (Hendrickse et al. 1994 ). However, Ciapparelli et al. (1992) found an absence of REM suppression after 4 weeks of treatment, although fluoxetine was associated with reduced slow wave sleep and sleep continuity, both of which appeared to persist even after 4 weeks of treatment with fluoxetine.
This study investigated the effects of fluoxetine on the polysomnogram (PSG) in depressed outpatients following 1, 5, and 10 weeks (T 2 , T 3 , and T 4 ) of acute phase treatment with fluoxetine. It also provided descriptive information regarding longer term effects of fluoxetine on the PSG based on a subset of the original symptomatic patient group, once remitted, but still on continuation treatment (i.e., still taking fluoxetine), and on the same subset who successfully discontinued fluoxetine for at least 6 weeks following the continuation phase.
Based on the literature, we hypothesized that acute phase treatment with fluoxetine would (1) prolong REM latency; (2) decrease REM sleep; (3) prolong sleep latency; (4) increase Stage 1 sleep; (5) decrease Stages 2, 3, and 4 sleep; and (6) increase awakenings in the first one-third of the night. We had no specific hypotheses regarding the timing of these effects or the effect of fluoxetine on sleep during or following continuation phase treatment.
METHODS AND PROCEDURES

Subjects
Subjects were selected from a pool of self-referred patients and symptomatically depressed volunteers recruited by local advertisements. Following an initial screening visit and written informed consent, potential subjects underwent full clinical evaluations including the Structured Clinical Interview for DSM-III-R (SCID) (Spitzer et al. 1992 ) administered by a trained clinical evaluator and confirmed by the first author. Depressive symptoms severity was measured by the 17-item Hamilton Rating Scale for Depression (HRS-D) (Hamilton 1960 (Hamilton , 1967 and the 30-item Inventory for Depressive Symptomatology, both clinician-rated (IDS-C) and self-report (IDS-SR) versions (Rush et al. 1986 (Rush et al. , 1996 .
All patients were required to meet DSM-III-R (APA, 1987) criteria for nonseasonal, nonpsychotic major depressive disorder, single or recurrent type, with moderate to severe symptomatology (as evidenced by a 17-item HRS-D score у 16) and be between 18-50 years of age.
Patients with a history of any other psychiatric disorder (including psychoactive substance abuse within the previous 12 months) were excluded, as were patients who failed prior adequate treatment with fluoxetine (at least 4 weeks at 20 mg/day). Individuals engaged in shift work within the last 6 months and those with independent sleep disorders (narcolepsy, apnea, bruxism, nyclonus) established either by history or by PSG evaluation were also excluded.
Only nonsteroidal, anti-inflammatory agents were permitted during the 2-week period preceding all PSG evaluations. All patients were completely drug-free for at least 2 weeks prior to the initial (baseline or T 1 ) night of PSG recording. All patients were similarly drug-free except for the study medication (i.e., fluoxetine) and nonsteroidal antiinflammatory agents at all subsequent PSG evaluations (T 2 to T 5 ), and they were completely drug-free at T 6 (post-discontinuation).
Acute Phase Treatment
Patients received open-label fluoxetine throughout the study, initiated at a dose of 20 mg/day (a.m. dosing). This dose was maintained for at least 5 consecutive weeks, at which time all subjects completed their third PSG assessment. Based on clinical judgment, the dose was increased to 40 mg/day if satisfactory response had not occurred by week 5. Patients were evaluated weekly for symptom severity, side-effects, vital signs, and compliance for the first 10 weeks of treatment, and monthly for an additional 7 months. Symptom severity measures at each visit included the 17-item HRS-D and the 30-item IDS-C and IDS-SR. Treatment compliance was monitored by patient self-report, pill counts and fluoxetine and norfluoxetine blood levels.
Serum samples for fluoxetine and norfluoxetine were obtained in the morning approximately 24 hours after the last medication dose, before ingestion of medication for that day at every visit. Blood was drawn for analysis between 0800 and 1000 hours following the second night of PSG recording at week 1 and at each acute phase visit thereafter.
Fluoxetine and its metabolite, norfluoxetine, were isolated from serum by liquid-liquid extraction. They were then separated and quantified by reverse-phase, high-performance liquid chromatography (HPLC) with ultraviolet detection. Units reported are ng/ml. Withinrun precision was determined, yielding a coefficient of variation between 0.0%-5.1% for fluoxetine and 1.3%-7.7% for norfluoxetine. The between-run coefficient of variation was 4.1%-6.8% for fluoxetine and 6.2%-8.8% for norfluoxetine (Orsulak et al. 1988 ).
Continuation and Post-Continuation Treatment
Patients who had achieved symptomatic remission at week 10 (HRSD р 10) were continued on the same dose of fluoxetine through week 30 (i.e., an additional 20 weeks). At week 30 (T 5 ), fluoxetine was discontinued and another PSG evaluation was performed. Patients were then followed for an additional 6-8 weeks drugfree at which time the final PSG evaluation occurred (week 37 or T 6 ). During the continuation phase and following discontinuation, patients were evaluated monthly for symptom severity, side-effects, vital signs, and compliance. Thirty-eight patients completed T 4 , 18 completed T 5 and 13 completed T 6 , and remained asymptomatic (HRS-D р 10). Paired t -tests were used to evaluate changes from T 4 through T 6 .
Polysomnographic Evaluations
Baseline PSG assessments were conducted during two consecutive nights in the Department of Psychiatry Sleep Study Unit of the University of Texas Southwestern Medical Center on each measurement occasion. Regular sleep-wake habits were established in advance and confirmed by a self-reported 5-day sleep diary. Alcohol and napping were proscribed and caffeine restrictions were in place during the week of study. Each subject maintained individualized, regular bed and rise times for at least the 5 days prior to the PSG (as confirmed by home diary). An identical sleep-wake schedule was followed during the sleep laboratory studies.
The schedule for PSG assessments were T 1 (prior to beginning medication); T 2 (following the first week on medication); T 3 (following fifth week on medication); T 4 (at the 10th week on medication); T 5 (within Ϯ 7 days following the 30th week on medication) and T 6 (within Ϯ 7 days of week 37 of the study or 7-8 weeks after medication discontinuation).
Electroencephalographic (EEG) data were collected from left (C3) and right (C4) central electrodes with a common ear reference passed through a 10-k ohm resister to minimize nonhomogenous current flow (Nunez 1981) . Monopolar, left and right electrooculograms, and bipolar chin-cheek electromyograms were also recorded. A full electrode montage, used on the first night in the sleep laboratory, included leg, chest, and abdomen leads, and a nasal-oral thermistor to rule out independent sleep disorders. Interelectrode impedance was maintained below 2-k ohms. All electrophysiologic signals were recorded on GRASS P-511 AC amplifiers and displayed on a paperless polygraph system designed and validated in-house. An amplifier sensitivity of 5 was used for EEG (50 uV, 0.5-second duration calibration), with half-amp low-and high-bandpass filters set at 0.3 and 30 Hz. A 60-Hz notch filter attenuated electrical noise. Interelectrode impedances were maintained below 2-k ohm. Amplifiers were calibrated before and after each night's sleep. As is standard procedure in our laboratory, EEG amplifiers were counterbalanced between hemispheres, across subjects, and between nights to rule out amplifier artifact as a contributing source to interhemispheric differences (Armitage et al. 1989 ) routinely evaluated in computer-analyzed EEG frequencies, but not reported here. Sleep EEG records were scored from C3 according to standard Rechtschaffen and Kales (1968) criteria by technicians trained at better than 90% agreement on an epoch-by-epoch basis.
Polysomnographic Parameters
A number of sleep variables were derived from the sleep-stage score data. Total time in bed (TIB) was computed as the total time from lights-out to wake-up time. Sleep onset latency was defined as the time elapsed before the first epoch of sleep in a 10-minute segment containing no more than 2 minutes of wakefulness or the time in minutes to the first half-minute of REM sleep, whichever was sooner (Rush et al. 1989) . Total sleep period (TSP) was defined as the length of time from sleep onset to wake up. Total sleep time (TST) was defined as all sleep time in TIB. Sleep efficiency was computed as the ratio of all sleep time to total time in bed both including and excluding Stage 1 sleep. REM latency was equal to the number of minutes (including awake and movement (AMT) time) from sleep onset to the first epoch of REM sleep (irrespective of REM period duration). REM density was expressed as the average density per minute of REM evaluated on a 0-4 scale. Minutes and percentages of each sleep stage and of AMT time were computed in relation to TSP. Minutes of AMT were also calculated by thirds of TSP. Arousals were defined as the total number of awake episodes of 0.5 minutes or longer duration in TSP.
The mean of 2 nights of PSG recording was used for all analyses. If an invalid sleep recording occurred on either of the first two nights, a third night of sleep measurement was conducted and the two most consistent of the three nights data were used.
Outcome Measures
The 17-item HRS-D was the primary outcome measure. Response to acute phase treatment was defined as a 17-item HRS-D score р 10 for one visit. An HRS-D score р 10 at each subsequent visit after week 10 was required for patients to continue in the protocol. The 30-item IDS-C and IDS-SR were used as secondary outcome measures.
To evaluate the subjective effects of fluoxetine on sleep, the sleep factors of the 17-item HRS-D and the 30-item IDS-C and IDS-SR were used. The former rates early, middle, and late insomnia, each on a 0-2 scale. The IDS-C and IDS-SR both rate each of these three forms of insomnia on a 0-3 scale, as well as hypersomnia on a 0-3 scale. The total scores on these subscales (range ϭ 0-6 for the HRS-D and 0-12 for the IDS-C and IDS-SR, respectively) were computed on a weekly basis (acute phase) to gauge the particular sleep effects of the medication.
Data Analyses
Sixty-one subjects were enrolled in acute phase treatment, 3 of whom were subsequently excluded because of missing/incomplete baseline data, leaving a total eligible sample of 58.
Acute Phase Analysis Sample
Twenty-two of the 58 subjects were not used in the acute phase analysis. Five of the 22 completed the acute phase and met the response criteria but did not complete all three sleep evaluations. One subject completed the acute phase but did not meet the response criteria. Sixteen subjects dropped out of the study before the end of the acute phase; 7 of which dropped prior to a response and 9 after a response but prior to the end of the acute phase. Of the 7 subjects who dropped out before a response, 3 did so after only 1 week of treatment and 4 after at least 4 weeks of treatment.
To evaluate changes in PSG parameters over all measurement occasions in acute phase treatment (i.e., baseline and weeks 1, 5, and 10), a repeated measures multivariate analysis of variance (MANOVA) was conducted using the 36 subjects with PSG measures at all 4 acute phase measurement occasions (T 1 to T 4 ). Change in symptom severity, subjective sleep ratings and fluoxetine/norfluoxetine blood levels were evaluated during the acute phase.
Follow-up Analysis Sample
Of the 36 subjects included in the acute phase analysis, 14 dropped out before T 5 and 1 after T 5 , with all visits meeting the response criteria. One subject relapsed before T 5 , 4 relapsed at T 5 and 3 relapsed at T 6 . To evaluate the long-term effects of fluoxetine in remitted depressed outpatients on mediation, we focused on the 13 subjects who completed T 4 , T 5 , and T 6 , recognizing that these data were selective in that only those well enough and willing to complete all measurement occasions were included.
All parameters were examined for violation of symmetry and equal variances. Appropriate transformations were made prior to analyses. The natural logarithm was used for fluoxetine, norfluoxetine and total fluoxetine levels, as well as for REM latency, sleep latency, total minutes of AMT, and AMT by one-thirds of TSP. Squared transformation was used for sleep efficiency (including and excluding Stage 1), TIB, TSP, and TST. Ordinal transformations were used for minutes and % Stages 3 and 4 sleep because no slow-wave sleep was evident in 36% of the PSG recordings. While we reported raw score values for ease of communication in the tables and figures, only transformed values were used in the statistical analyses which were divided into several parts.
1. Initially, repeated measures MANOVA were carried out for PSG parameters at baseline (T 1 ) through week 10 (T 4 ), without controlling for blood levels on the 36 subjects who completed T 4 and responded to treatment. This analysis tested the main hypotheses regarding the effect of fluoxetine on REM latency, % REM, minutes of AMT in the first one-third of sleep, sleep latency, and sleep Stages 1-4. Similar analyses were then conducted to describe the effects of time on fluoxetine, norfluoxetine, and total blood levels, as well as on clinician-rated (HRS-D and IDS-C) and self-reported (IDS-SR) sleep factors. Polynomial effects were tested when the multivariate main effect of time (T) was significant. A significant linear component indicated a steady progressive increase or decrease in the parameter over the acute treatment period (T 1 to T 4 ). A significant quadratic component indicated a single change in direction, such as an increase or decrease followed by no subsequent change in the opposite direction. The third possible and highest order component (with 4 measurement points) is a cubic component which indicates two change points or an S-shaped curve. One example would be a period of no change followed by a period of increase (or decrease), followed by a second period of no change. It should be noted that in instances in which more than one of the polynomial components was significant, the highest order component indicates the number of change points or general shape of the pattern of change. A second method used to understand the main effect was to test for specific differences between baseline (T 1 ) and each of the other acute phase measurement occasions (T 2 -T 4 ) using a series of paired t -tests. 2. Following the same statistical procedures as described above, exploratory analyses included several important PSG measures not included in the original hypotheses: sleep efficiency (including and excluding Stage 1), total minutes AMT time, minutes of AMT in the second and third one-thirds of TSP, TST, and TIB. 3. To verify that the pattern of change in fluoxetine and norfluoxetine blood levels were consistent with the design of the prescribed dosing regimen, a series of analyses examining the pattern of change in fluoxetine, norfluoxetine and total blood level (the sum of the two) were conducted. Raw blood levels were transformed using a natural logarithm transformation to meet analyses requirements. The expected pattern of change was for a rapid increase between week 0 (baseline) and week 1, followed by a slow increase (or steady level) between weeks 1 and 5, and a second period of increased levels between weeks 5 and 10 (reflecting an increase in oral dose for some patients). The analysis confirmed this expected pattern with all 3 measures (fluoxetine, norfluoxetine, and total blood level), showing a significant change in levels over time (fluoxetine: F (3,28 ϭ 1298.7, p Ͻ .0001; norfluoxetine: F (3,28) ϭ 1956.4, p Ͻ .0001; total blood level: F (3,28) ϭ 4072.9, p Ͻ .0001). As expected, this change included significant linear, quadratic, and cubic components. Only the 31 subjects with complete blood level data were used in this analysis. 4. To explore the relationship between blood levels, HRS-D scores, and PSG measures, secondary analyses were conducted that included both the severity of depressive symptoms over time (HRS-D) and total blood levels (the log of total fluoxetine and norfluoxetine) as time-dependent covariates. This was carried out in a two-step process using repeated measures MANCOVAs with severity and drug level as the time-dependent covariates. The first step was used to test for homogeneity of slopes and included both measures as main effects and an interaction term. If no interaction was found, a second analysis was conducted using only the two measures (HRS-D score and blood level) as time-dependent covariates. 5. Analyses were conducted to explore the subjective experience of changes in sleep during acute phase treatment. Based on the sleep items from the HRS-D (items 4, 5, and 6), and the IDS-C and IDS-SR (items 1, 2, 3, and 4), 3 measures of subjective sleep experience were constructed to explore these changes. The scoring for the IDS-SR measures were based on the Rush et al. (1996) analyses which indicated a reverse weighting on item 4. A repeated measures MANOVA was used to test for an overall effect. Linear, quadratic, and cubic components, as well as t -tests, were used to describe the pattern of change. As these were exploratory analyses, probabilities should be used only to suggest possible effects. 6. A final series of paired t -tests were conducted on the 13 subjects who completed continuation treatment and the post-discontinuation follow-up. To determine how long-term exposure to fluoxetine may affect sleep, t -tests were used to compare the end of acute phase (T 4 ) and end of continuation phase (T 5 ) treatment. Paired t -tests were also conducted to explore possible differences between baseline (T 1 ) and T 5 , and between T 1 and T 6 to determine the longterm effects of fluoxetine following 6-8 weeks of drug discontinuation in remitted depressed patients. Since these analyses were strictly exploratory, no Bonferroni corrections were used, and values are only presented as a guide for future research. Table 1 gives the clinical and demographic characteristics for the total sample ( n ϭ 58), and for responders ( n ϭ 36). Table 2 provides the means and standard deviations of all sleep EEG measures at baseline (T 1 ) for the complete sample (n ϭ 58). Using an unpaired t-test without Bonferroni correction, no differences were found between the 36 subjects whose data was used in the acute phase analysis and the 22 subjects whose data was not.
RESULTS
Only subjects with complete data at all 4 acute phase PSG measurement occasions [baseline (T 1 ), week 1 (T 2 ), week 5 (T 3 ), and week 10 (T 4 )] were included in the repeated measures analyses. Table 3 shows the PSG parameters for these 36 subjects at weeks 0, 1, 5, and 10. While Table 3 shows raw scores (i.e., nontransformed), data were transformed for analytical purposes (see above). All p values below are a test of the overall multivariate F of change over time, and the significant linear, quadratic, and cubic components of the effect are noted in Table 3 . Consistent with our hypotheses, fluoxetine significantly altered REM sleep in that REM latency increased throughout acute phase treatment (F(3,33) ϭ 59.5, p Ͻ .0001). However, this effect included a marked immediate increase followed by a slight decline after the first week on medication (Figure 1 ) and it remained higher than baseline at all 3 acute phase measurement occasions (weeks 1, 5, and 10). Percent REM sleep was significantly reduced (F(3,33) ϭ 22.8, p Ͻ .0001) from baseline on all occasions. There was a sharp decline at week 1 and then subsequent small increases from week 1 to week 5 and then week 10 (Figure 2) .
The hypotheses regarding changes in sleep continuity early in the night were generally confirmed. Minutes of AMT in the first one-third of TSP increased significantly (F(3,33) ϭ 3.4, p Ͻ .03) over acute phase treatment, although values at weeks 1, 5, and 10 (taken as individual measurement occasions) were not higher than baseline. Sleep latency tended to decrease (F(3,33) ϭ 2.5, p Ͻ .08) at weeks 1 and 10, but was no different from baseline at week 5.
The predictions of increased Stage 1 and decreased Stage 2 sleep were also confirmed. Both minutes (F(3,33) ϭ 9.9, p Ͻ .0001) and % (F(3,33) ϭ 12.6, p Ͻ .0001) Stage 1 significantly increased. These effects were characterized by a rapid rise in Stage 1 sleep between baseline and week 1, which slowed between weeks 1 and 5, and remained constant between weeks 5 and 10. Minutes of Stage 2 sleep rose initially, and then decreased (F(3,33) ϭ 9.1, p Ͻ .0002). The changes from baseline revealed only a significant difference at week 10, with minutes of Stage 2 lower than at baseline. Similar results were obtained for % Stage 2 (F(3,33) ϭ 8.9, p Ͻ .0002).
The hypothesized changes in sleep Stages 3 and 4 were not found. Minutes and % Stages 3 and 4 did not significantly change from baseline (Wilcoxon signed ranks test).
The follow-up, time-dependent covariate analyses revealed an interaction between HRS-D score and total blood level for REM latency [F(1,99) 11.3 Ϯ 11.6 Sleep latency (min) 18.6 Ϯ 9.8 AMT in third 1/3 TSP (min) 11.1 Ϯ 9.0 ment. To assist with the interpretation of this interaction, subjects were divided into three groups based on changes in total fluoxetine/norfluoxetine blood levels between treatment weeks 5 and 10. The first group consisted of subjects whose blood level either remained unchanged or showed a slight decrease. The second group included subjects whose blood levels showed a slight increase. The third group included subjects whose blood levels showed a marked increase from week 5 to week 10. Of note is that this group consisted of subjects who also had an increase in fluoxetine dose from 20 mg/day to 40 mg/day due to nonresponse. Figure 3 shows the three groups defined by changes in blood levels. The pattern of change in REM latency is similar across the first two groups. There was an initial increase at week 1, followed by a gradual decrease over the remaining 9 weeks. For the third group, the interaction was the result of an increased blood level (due to increased dose), while HRS-D score decreased between weeks 5 and 10. The interactions for % REM are similar, with the pattern of change reversed (i.e., initial decrease followed by recovery for the first two groups, whereas the third group showed a further decrease between weeks 5 and 10).
The interaction found for Stage 2 sleep was not caused by differences in changes during treatment but rather by differences at the beginning of treatment. Subjects in the third group start well above the first and second groups for Stage 2 sleep at week 0 (T 1 ) and show no initial change in the amount of Stage 2 sleep. In contrast, subjects in the first two groups showed an increase in Stage 2 sleep at week 1. Interestingly, at week 5 all three groups are at baseline levels (i.e., the first two groups show decreases which followed the initial in- For exploratory analyses of PSG measures for which no hypotheses were made, only REM density significantly increased (F(3,33) ϭ 17.0, p Ͻ .0001), and sleep efficiency (minus Stage 1) significantly decreased (F(3,33) ϭ 12.6, p Ͻ .0004) over time. None of the other PSG measures changed significantly.
A parallel set of repeated measures MANOVA analyses were conducted using only the final night of PSG recording to allow for comparisons of our results for means of 2 nights to single night PSG recordings. Three subjects had only 1 night of PSG recording at the end of acute phase treatment (T 4 ) and they were not included in this analysis. All measures were transformed as described above.
The results of the final night analyses were comparable to the average of two nights with no differences in overall significance. The only significant differences found were in the presence (or absence) of quadratic (AMT time in the first one-third of the night) or cubic (sleep efficiency) components.
The quadratic component for Stage 2 and the cubic component for % Stage 2 were not significant in the final night analyses. Similarly, the cubic component was now only marginally significant for Stage 1 sleep and was nonsignificant for % Stage 1.
All 3 subjective measures of insomnia showed a significant change over acute phase treatment 33) ϭ 33.8, p Ͻ .001; 33) ϭ 29.8, p Ͻ .001; 32) ϭ 15.9, p Ͻ .0001). The overall pattern was a steady decrease in the amount of reported insomnia. The t-tests indicated that the improvement began at week 1 and continued throughout acute phase treatment (see Table 4 ).
Study Completers
To inform future studies, a second set of descriptive data were compiled (Table 4 ) and exploratory analyses conducted on the transformed data of the 13 subjects who completed T 4 , T 5 , and T 6 . These 13 were then compared to the 23 subjects who completed only acute phase treatment to identify any obvious differences between the two groups. The groups did not differ with regard to blood levels at T 4 or PSG parameters. However, at week 10, the 13 completers had significantly lower HRS-D total scores (t(34) ϭ 2.3, p Ͻ .04) (study completers: mean ϭ 4.0 Ϯ 2.2; acute phase only completers: mean ϭ 6.0 Ϯ 2.7). Table 4 shows the PSG parameters for the 13 subjects who completed T 4 , T 5 , and T 6 . Comparison of subjects after 10 weeks on fluoxetine with themselves after 30 weeks (Ϯ4 days) on drug (i.e., end of continuation phase treatment or T 5 ), revealed only a significant increase in % REM. To determine how much change from baseline persisted after 30 weeks of treatment (i.e., comparable to the drug-free but symptomatically depressed state), comparisons between T 1 (baseline) and T 5 were conducted. These analyses revealed that Stage 1 (minutes and %), REM density, sleep efficiency (minus Stage 1) and REM latency were still elevated as compared to baseline (Table 4) .
Once drug-free for at least 7 weeks (Ϯ5 days) (i.e., at T 6 or post-discontinuation), the following differences were found between T 4 and T 6 and between T 5 and T 6 . For both comparisons, minutes and % Stage 1 were lower at T 6 ; Stage 2 (both % and minutes) was higher at T 6 ; AMT time was lower at T 6 ; and both sleep efficiency and sleep efficiency (minus Stage 1) were lower at T 6 . Furthermore, % REM was higher, REM density was lower and minutes of AMT in the first, second and third one-thirds of the night were lower at T 6 than at T 5 (paired t-tests).
Of note is the apparent "recovery" of minutes of Stages 1 and 2, sleep efficiency (minus Stage 1), and REM density at T 6 to approximately pretreatment (i.e., baseline) levels. On the other hand, both REM latency and AMT time in the first one-third of the TSP showed only significant decreases between the end of acute treatment (T 4 ) and the drug-free post-treatment followup (T 6 ). For the subjective sleep measures, all (T 4 , T 5 and T 6 ) were lower than baseline (T 1 ) and did not differ from each other (see Table 5 ). Since all of these findings are based on a very small, highly select sample using post hoc analyses, they should be viewed with caution.
DISCUSSION
The major findings of this study were that symptomatic response to acute phase treatment with fluoxetine lightened sleep, in that it increased Stage 1 and decreased Stage 2. REM latency was also longer, total REM sleep decreased, and REM density increased. A weak increase in AMT time in the first one-third of the night, and a trend toward a decrease rather than the predicted increase in sleep latency were also found. No changes in Stages 3 and 4 sleep was found. Most effects were apparent by the first week on fluoxetine and largely persisted throughout the 10 weeks of acute phase treatment.
When symptom severity (HRS-D score) and blood level change were used to predict acute phase treatment related PSG response patterns, the interaction of both accounted for the pattern of change in REM latency, % REM and Stage 2 sleep. Conversely, for Stage 1 sleep, both severity and blood levels independently contributed to the response pattern. Finally, only blood level change accounted for sleep latency changes whereas, only symptom severity accounted for the pattern of change in AMT in the first one-third of the night.
The increase in REM latency, coupled with a decrease in total REM sleep, confirms the findings from our pilot study (Hendrickse et al. 1994) and is similar to other reports for most antidepressant medications, including tricyclics and selective serotonin reuptake inhibitors (SSRIs) (Heiligenstein et al. 1994 ; Keck et al. Kupfer et al. 1981; van Bemmel et al. 1993 , Vogel et al. 1990 ). The significant increase in REM density may be purely secondary to increased oculomotor activity induced by fluoxetine (Armitage et al. 1995; Schenck et al. 1992) , although its direct effect (i.e., blockade of serotonin reuptake) is clearly expected to increase 5-HT availability at all post-synaptic 5-HT receptors (especially 5-HT 1C ) and thus decrease REM sleep. Moreover, since REM density is based on average REM minutes, it reflects an actual increase in the number of eye movements on fluoxetine, despite decreased REM time.
The findings of increased Stage 1, decreased Stage 2, and increased AMT time in the first one-third of the night also replicate earlier findings, suggesting an overall lightening of sleep secondary to fluoxetine (Hendrickse et al. 1994; Keck et al. 1991) . In their sample of 16 subjects treated with citalopram (an SSRI), van Bemmel et al. (1993) found increased Stages 1 and 2 sleep, but did not find significant changes in sleep continuity variables. One possible explanation for the discrepancy in sleep continuity findings is that they analyzed only total time awake as opposed to the first, second, and third one-thirds of the night, whereas Stage 2 sleep may be increased secondary to citalopram's histaminergic effect.
Interestingly, in spite of the above-mentioned lightening of sleep with sleep continuity disruptions, subjective reports of insomnia-related disturbances showed significant improvement throughout acute phase treatment. However, the insomnia items of the HRS-D and IDS may not be sensitive to all dimensions of subjective sleep disturbance. When specifically queried about sleep quality and the number and duration of awakenings, 37.5% of women and 12% of men have reported more disturbed sleep while on fluoxetine (Armitage et al. 1995) . Moreover, insomnia secondary to fluoxetine has been reported by others (Dorsey et al. 1996) . However, the current findings do not concur and may be related to the fact that this investigation was a sleep study of responders only. It is possible that patients with insomnia secondary to fluoxetine drop out early in the course of the treatment. Nevertheless, subjective sleep measures may not always show the same magnitude and direction of change as do objective sleep parameters. Finally, sleep latency continues to improve with symptomatic improvement while on fluoxetine.
In the subset of patients who continued on fluoxetine for 30 weeks and were studied again after 7-8 weeks off medication, there was evidence of some accommodation to the acute phase effects. However, while still on medication and once fluoxetine was discontinued, the short REM latency, exceptionally short sleep latency, and increased REM all suggest REM rebound.
From a theoretical perspective, drug-induced improvement of depression has been suggested to be mediated by changes in sleep physiology. Vogel et al. (1990) and Kupfer et al. (1981) have argued that REM sleep suppression appears to be a correlate of the mechanism of action of antidepressant medications. Our findings of increased REM latency are comparable to the results of earlier findings of the effects of SSRIs. Additionally, some nonpharmacological approaches, such as total or partial REM deprivation, have been shown to ameliorate depressive symptoms. In contrast, however, some recent studies with bupropion (Nofzinger et al. 1995) and nefazondone ) appear to point to a different mechanism of action for at least some antidepressant medications. Thus, while most antidepressants suppress REM sleep, this effect may not be required for antidepressant efficacy for at least some medications. Of note is that with citalopram, the amount of initial and sustained REM suppression was unrelated to clinical change (van Bemmel et al. 1993) . Thus, even with REM suppressing medications, efficacy may be unrelated to REM sleep effects.
This study has several limitations: (1) a fairly high rate of dropout during the long-term treatment with fluoxetine leading to the need for cautious interpretation of the results for T 5 and T 6 PSG parameters; (2) the age range was restricted (18-50 years) and included 65.5% females, thus precluding definitive analyses of differential age or gender effects; and (3) the current report does not address the differences between responders and nonresponders since the study design specifically included only those patients who had achieved full symptomatic remission at week 10.
In summary, acute phase response to fluoxetine is associated with lightening of sleep, REM suppression, and prolonged REM latency, but is not associated with changes in Stages 3 and 4 sleep. However, these physiological changes are not uniformly mirrored by subjective sleep reports. Descriptive data suggest that further physiological adaptations may occur after several months of continuation phase treatment. Studies of the comparative effects on sleep of the newer antidepressant medications (e.g., nefazodone, paroxetine, sertraline and venlafaxine) are clearly indicated.
